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I. Introduction 

Reactor IRT-2000 at the Heat and Mass Transfer Institute of the 
B.S.S.R. Academy of Sciences was put in operation in May, 1962. The 
distinctive feature of reactors with water as coolant and moderator 
of the IRT-type (the detailed description of such a reactor can be 
found ) is the simplicity of the construction, high reliabi- 

lity and safety in operation, and at the same time such reactors give 
wide opportunities for conducting many experiments on radiation che- 
mistry , nuclear physics ,hiology^ ) . 

Reactor IRT-2000 is a standard one. In its design no test loops 
are supposed.The esperimental possibilities of the IRT-type reactor 
widen essentially when a test loop channel is installed in the reac- 
tor core. In connection with this, the study of physiceuL characterist- 
ics of reactor IRT with a test loop channel has been made. 


1 / A brief characteristic of works which are being nm on the expe- 
rimentoil reactor channels is given in Appendix I. 


25 YEAR RE-REVIEW 
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in l.lii;! i)apcr Lho oa Icui lat i dii .•md I I o!i il('- 

•|;(,!ri:i,Liia I, i on ol* I, he physical chai-.i, '.j' i.::t i.o:i wli.h I, ho i.c;:!, lu.ip clia- 
nnol (c.T’iti.cal tnarsnen , neutron TIux cliatiMhuti nn , citr'e.'-.f. rn.-'e l.: Ity) 
•i,ro ;:hovm,an(l the oliant'-ica :ln tleni/^n of aomc rrsarvLor uriita due to 
the tent loop chanrirrl installation .aro doncrihed, 

L'.Gliarti^ca in doai^jn ol’ some roaotor IUT--2O0 units carried 
out Tor tost loop installation 
To provide tlio i)oacibij :i i v ol’ carrin/; out v/orko on tiic loop 
installations a hole is made 90 min in diameter in tlie centre of tlie 
core,tliat permits tlie inr.iallation of loop channeln of several types, 
Creatin;; tiic duct in tlie centre of the core has led to chaiii'^os 
in construction of some of the assemblies situated in the reactor 
pool. 

In the lower lattice on the reactor-vessel axis a through open- 
inc 27 mm in diameter is made where the lower end of tlu- loop clian- 
nel can be fixed. In the upper lattice two mutually jicrpcndiculaj' 
crosspieces separatinc four central fuel assemblies a c cut off 
(fiC.l). 

The reconstructed upper lattice provides reliable spacing of 
the central flue a;; emblies and allov/s the installation of the test 
loop channels up to 85 mm in diameter’ in tlio reactor core. To extract 
the test loop channel fi'on' the core, some changes are made in tlie de- 
sign of an assembly-holder and an umbreii , i.c I'lrc or. central icni- 
ves of the assembly-holder are shortened by 2/i0 mm (i''ig.2) .The pres- 
sing facility fastened by two adjacent knives of tlu assr:- ■ y-ho ' der 
is fixed instead of the remote parts of the knives. The hole for the 
central experimental channel in the umbrclla-dcflector is enlarged 
up to 90 mm. 

To provide installation and reloading of the test loop channel 
the reactor top platform v/as reconstructed. On reconstruction of the 
platform its steel framework was partially out, and to provide suffi- 
cient rigidity and firmness the entire plavform was therefore rein- 
forced by two brackets fastened to the po..i wall. 

The technological test loop equipment (pumps, heat exchangers, 
compressors , etc), main loop communications and auxiliary systems (sys- 
tems of purificationjf filing, etc) are situated in a special room 
built in th-. none of the horizontal experimental channel 10. The 
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X' 


wulii; a uJ i.iK- ol’ tlxu liuclxQOiO(iicul teub loop j.*ooui aro mado 

of hoav^y ( onorotio with upeciflc donaity 4.5 t on/tn-^.l'he room han upo- 
cial ■ye/i'. I 'uad oewcraye ay3tomo,cold water, hot water and com- 

preG::ed air supi)i.y from the corresponding reactor systemo.Por the 
loop-chaiiuol iitorage in the reactor pool the i'emovuble brackets are 
deaij^’pried ,on which the loop channel con be hurxp;ed up.'fhe brackets 
ore put in tho Kroovco fastened to the reactor pool wall. 

Plpjtig of the main loop is located in the inclined channels in 
the concrete biological shielding of the reactor. The loop installa- 
tion will be operated from the control panel situated above the te- 
chnological room of the loop (Fig.j5). 

5 . Calculations of the physical characteristics 

As a design model of the loop channel was taken the worst (as 
to its effect on the reactor reactivity^ homogeneous mixture of the 
steel and water. 

It was assumed that there was 2.6 kg of stainless steel (IXI8H9-i ' 
in the cylindrical channel 7!? mm in diameter , that approximately co 
responds to the weight of steel in some loop channel constructions. 

To put the loop channel into the core centre, it is necessary to 
take out four fuel assemblies (Figs. 1,2). Vacant space roxmd the chan- 
nel can be filled either by some moderator displacers or by figured 
fuel assemblies. 

Calculations were carried out in the 5-zone cylindrical geomet- 
ry: 1st zone - loop channel, 2nd zone - zone of displacers, 5d zone - 
core, 4th zone side reflector in core cells, 5th - side reflector 
(reactor pool water). 

Transition from the real core to the cylindrical one was based 
provided that the geometric parameter of the core was constant. The 
height of the design model was taken equal to that of the core. 

The 5-sroup method similar to that described ±n [^] was chosen. 
Three— group neutron beilance equations derived on the basis of dif - 
fusion approximation of the kinetic equation have the form: 

Dj (r) 0ffzJ=0; Qf(x)=E('VfZf)j ^ft ) ; (i) 

where is the J-th group integral flux; fj ±d the fission spect- 
rum integrated over the o-th group interval; Elj is the total cross- 
section for the j-th group; is "tbe cross-section of slowing-down 
from the^^-th group to the k-th one. The rest designations are gene- 
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rally accepted. 

To separate the effects due to the li^fluence of the fast iieut - 
ron leakage and resonance absorption of the slowing-ciown neutrons 
e critical mass ol the reactor, the energy interval was divided 
into groups with the following boundarles;the first d=l,J500 
the second i=2,£,<e<i00 kev;bhe third (£’ is the conven- ’ 

tional boundary between the Maxwell and fermi spectra defined by A/). 

Average group cross-sections for the core and reflectors except 
uranium and water cross-sections are obtaiue < by reducing the 10- 
group system of constants described in detail in [^] to the three 
- group one, using the following - 

where e is the number of a group in the tenth-group approximation. 

Lower boundary energy of the fi:fth group in the lU-group system 
Is 300 kev and tliat of the nlnsth group is S 

Kie Similar formulae were used for defining the 2nd group avera- 
ge cross-sections.An a flux weight function the neutron spectrum of 
the reactor 1ST obtained for the bare core by the multigroup method 
was used.The reflector affect on the flujc spectrum was taken into 
account by changing real core sizes to equivalent ones. Such assujap- 
tions lead to the following form of the flur spectrum: 

More strict approach was used to the uranium and water cross-sec- 
tions averaging because the fast neutron leakage and resonance absor- 
ption on the nuclei and had the strongest effect on the 

reactivity of the water cooled-moderated reactor IET.it was assumed 
ttot uncertainties in the description of the neutron-water interac- 
ion lead to the errors only in the value of the diffusion coeffici- 
ent for the fast neutron group. So the values of Z Z, , Z D 
for the water were measured using formulae of form®(2) '^d Se diffu- 
sion coefficient for the fast neutron group D- was defined from the 
requirement of the group neutron symbolic age coincidence with the 
erperlnantal value of the symbolic age for the fission neutrons in 

®y>”l>oUc neutron age at the ener- 

S7 of the indium resonance T = 27.68 em^/e/ was used.ifter int- 
roducing the cogreotion for the neutron age.ecual to: 

‘“^AZs(U) = Q,92 sm^-, 

we bave 

T'+tX— D.Xi/fv.^ -i-T-.i ^ u.s~ \ : - 


axjfz,i, *ra,) * a^/jczw k; ra)UL2,*ro.z) ; 
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and con be obtained from O). 

To compose the constants for the reactor pool water zone the 
neutron leakage through horizontal experimental channels was calcu- 
lated by the method suggested in /7j , 

Group cross-sections for uranium isotopes were estimated taking 
into account the self-s hi elding efi'ect in the narrow-resonance app- 
roximation f&J .Average microscopic cross-sections for the thermal 
neutron group were taken from A7 .When calculating the thermal mac- 
roscopic cross-sections the flux distribution over the fuel assembly 
was taken into account. The thermal neutron flux depression in the 
fuel element was denined by using the results of the method of suc- 
cessive generations and in the moderator and in the structural 
materials by using the diffusion approximation. The system of multi- 
group equations (2) was solved numerically by the electronic compu- 
ter "Ural— 1” by the method of source interactions. 

The calculation results of absolute neutron fluxes with power 
of 1000 kwt and critical masses of reactor IRT with the loop chan- 
nel surrounded by various displacers are shown in Pig. 4 and in Tab- 
le II. In these calculated data on critical masses and excess reacti- 
vity the thermal graphite column effect was taken into account. Esti- 
mations of the thermal colvunn effect were made using a slab model 
and taking into account the lead screen. "Weight" of the thermal co- 
lumn has a maximun in the case of full packing of the core cells by 
tne fuel assemblies and is equal to 1.38%^ ^eff this case of 
the core consisting of 26 fuel assemblies surrounded by the water 

reflector the minimum "weight" is equal to 0.3% A Keff results 

of calculations are in rather good agreement with the experiment 
(See Table I). 

Consideration of the possible errors in calculating the criti- 
cal masses (uncertainties in measurement of the microscopic cross- 
sections, symbolic neutron age, etc) allowed the indication of the in- 
terval of maxim\im errors in the critical mass calculations as ± 10%. 

4. Experimental study of reactor IRT-2000 physical 
characteristics ^ 

2/The critical mass experiments were conducted under the guidance of 
lu.G.Nikolayev (the tochatov Institute of Atomic Energy) 
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To iDi’ovo the possibility of the test loop charmel installation 
in a reactor of the IRT-type,the critical experiment on detormi. na- 
tion of critical loading of the reactor with the loop channel ’■ '.a 
conducted. The loop channel imitator made of stainless steel IXI8H9T 
had a weight of 2.65 kg and was located in a water cavity 90 uim in 
diameter- The water cavity was foi’med by the aluminium displacers 
which were put in the four central cells of the core (Fig. 1). Criti- 
cality was reached when 58 fuel assemblies (Pig,5d) were loaded and 
when the whole automatic control rod was inserted into the core. The 
extrapolation of the reversed comting curves has shown that the cri- 
ticality can be achieved when loading of 57 *5 fuel assemblies (4.76 
kg of when the automatic control rod was taken out. 

The loop channel imitator effect on the reactor reactivity by 
the critical experiment without a steel imitator in the water cavi- 
ty. The criticality was reached when the core loading was 5'/ fuel 
assemblies (Fig. 5 g) and the automatic control x-od was partially in- 
serted into the core. The extrapolation of the reversed counting cur- 
ves has shown that compensation could be reached when loading of 
38.3 fuel assemblies (4.65 kg of U-255).t)ne can see from the exx^eri- 
mental results thn 'le -teel loop-channel imitator, inserted in the 
water cavity in the cenl, o;'’ the core, results in increasing the 
fuel loading only by one fuel assembly , that is by 126 g of U-255. 

Besides the determination of the criLical loadings, the aim of 
the ex5)eriment conducted without the loop channel in the water cavi- 
ty was to study the possibility of providing an effectj.V' uoutron 
"trap” in the reactor lET core. 

The relative thermal neutron flux 'h^ealt" in the water cavity was 
measured by activations of copper v/ires which were put into the cen- 
tral experimental channel and among the fuel elements in the adjace- 
nt fuel assemblies. The measurements have shown that the thermal neu- 
tron flxrx in the centre of the water cavity surrounded by the alumi- 
nium displacers was higher than in the neax'est fuel assemblies by the 
factor of 2 . 5 . 

The neutron ”trap** effect on the reactor reactivity was defined 
by the results of the critical experiment with the cylindrical alu- 
minixim displacer in the core, placed instead of the central water ca- 
vity. In this case the critical loading consisted of 54 fuel assemb- 
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lies (Pig. 3b) or 4.34 kg of U-235. Comparison of the results of two 
critical experiments witii the central water cavity and with that oc- 
cupied by the cylindrical aluminium displacer has shown that crea- 
tion of the water neutron "trap" in reactor IRQ? increases the cri- 
tical reactor mass, at least, by 2.3 fuel assemblies. 

Q?o define the reactor composition effect on the reactor exicess 
reactivity foi' a mixed water— graphite reflector many ex^jcriments 
were conducted. Without the loop channel, the reactor criticality was 
reached by the loading of 26 fuel and 2 graphite assemblies instal- 
led on the thermal column side (Pig. 5a) and by the automatic cont- 
rol rod partially inserted into the core ("weight" of the inserted 
part of the rod was equal to 0.14%). The subsequent loading into the 
core was made by two graphite assemblies at each step. The experimen- 
tal results are shown in Pig.5.5'rom the comparison of the excess re- 
activity one can see that the share of each subsequent assembly in- 
creases. The maximum weight of one graphite assembly does not exceed 
0.265%. When the whole water reflector was replaced by the graphite 
one, the excess reactivity increases by 3*5%. 

The results of the critical experiments are used to verify the 
calculation method. 

Discussion 

The results on critical masses (Table I,Pig.5) » excess reactivi- 
ty (Table II, Fig. 3) and neutron fluxes (Pig.4) can be used to esti- 
mate the experimental possibilities of reactor IRT-2000 with a loop 
channel. 

The results of calculations suid critical experiments show the 
principal possibility of the loop channel installation in the core 
centre. The weight (2.6 kg of steel) of constructional materials of 
the loop channel is equal to only one fuel assembly (Pig. 5d), that 
provides the possibility of constructing -everal loop channels. 

The material of displacers surro\inding the loop channel has a 
considerable effect on the critical mass. Among the variants consi- 
dered (water > graphite, berillium,berillium-oxida, a inmini nm ) the smal- 
lest critical mass (34.0 fuel assemblies) was obtained when the 
loop channel was surrounded by berillium.The largest one (39.7 fuel 
assemblies) was obtained when the loop channel was surrounded by wa- 
ter. Thus, the loop channel located in the core increases the criti- 
cal reactor mass according to the material surrounding the channel 
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by 8 ♦ 14 fuel assemblies (with a water core ref lector). A specific 
clioice of the material around, the channel depends on the aim of the 
loop tests. So in many experiments (e.^. radiation chemistry experi- 
ments) where the maximum thermal neutron flux is necessary, the loop 
channel cavity must be surrounded by water (Fig. 4). It should be no- 
ted that in this case the excess reactivity is not enough even for 
compensation of poisoning^ (8ee fable II) and it is therefore neces- 
sary to replace some fuel assemblies by those containing more U-2^3 
in the fuel elements, If the main demand is a maximum campaign, the 
loop channel should be siirrounded by either fuel assemblies or gra- 
phite or berilliiim displacers. As one can see from fable II, the loop 
c h a n nel reactor taking into account poisoning has relatively small 
resource. However , it should be taken into account that after the com- 
pletion of loop experiments the loop channel can be taken out from 
the core and its zone can be again filled by the fuel assemblies. 

filling of the cavity in the core centre by water allows the 
creation of an effective neutron ''trap*' in reactor ZRT. Surrounding 
the water cavity by fuel assemblies allows the thermal neutron flux 
of about 1.10 neutron/cm*^ sec to be obtained in the neutron "trap" 
when operating with power of 2000 kwt.fhe creation of the "trap" in- 
creases the critical mass approximately by 5 fuel assemblies. 

Conclusions 

l.Xhe results of the critical experiments and neutron physical 
calculations have shown that it is possible to install a loop chan- 
nel containing about 35 kg of steel in reactor IRT. 

2.Xhe results of the work allow the choice of the optimum mate- 
rial around the loop channel to reach a maximum compaign of the rea- 
ctor with the loop channel or a maximum, thermal neutron flux. 

filling of the cavity in the core centre by water allows 
to have a neutron "trap" with a greatly high thermal neutron flux; 
1 . 6.10 neutron/cm^sec with power of 2000 kwt in reactor lET. 

4.a*he changes in the reactor construction due to the loop insta- 
llation can be rather easily performed and recommended for new reac- 
tors of the IRT-type to he built. 

3/As was shown experiment ailly, a deacrease in the excess reactivity 

of reactor IBI operating at 1000 kwt due to poisoning is 1*95% 

718 
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CHITIGAL MiUSaiikJ OF HEAG'JX)R IHT-2000 


TABLE I 


N 

Critical mass nxxmbei 
of fuel assemblies/ 
kg of U~235 

Reactor type 

Note 

1. 

Calcula- 

tion 

Experi- 

ment 

in core cells 
(Nos. of cells) 

outside core 

vessel 


1. 

20a 

2.57 

less than 
2oV 2.47 

graphite-28 

water 

Core without 
loop channel 
and displacers 

2. 

28.0 

5.55 

25.8 

3.27 

Sraphite-2 

water-20 

Water with 

horizontal 

experimental 

channels 


3. 

i 

38.0 

$755 

4^70 

water-11 

^ It ^ 

Core with loop 
channel and alu- 
minium displa- 
cers 


V From the data of 1 . 

PREDICTED CRITICAL MASSES AMD EXCESS REACTIVITIES OF LOOP CHANMEL 
BEACTOR IRT 


TABLE II 


If. 

Filling of 
displacer zone 

Reflector in 

core cells 

Critical mass 
of fuel assemb- 
ly/kg of U-255 

Excess reactivi- 
ty in total 
loading of core, 
% 

1. 

fuel assemblies 

graphite 

30 . 9 / 3.94 

5.8 

2. 

fuel assemblies 

water 

34 . 2 / 4,56 

5.8 

3 . 

terilliimi 

water 

34 . 0 / 4.54 

5.1 

4. 

berillium oxide 

water 

34 . 4 / 4.59 

00 

• 

5- 

graphite 

water 

35 . 3 / 4.50 

4.2 

6. 

aluminixzm 

water 

58.0/4.85 

2.1 

7 . 

water 

water 

39 . 7 / 5=07 

1.4 


7 18 
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Apj'Kjrid Lx I 

A GliiUUCrJilKIiiTIO of invfotigationo on 

iiXPFRIIMfi'AL liE ACTOR G1 lANNKLo 

Al; present all the horizontal reactor channels are mastered and 

the followinc experiments are beint^ carried out on them-^. 

Channel No.l ^ - coincidence maasui'euients in the (h ,^) reaction by 
scintillation spectrometers. 

Channel No. 2 Invest Ication of space distribution of a reactor neut- 
I’on flux in vax'ious orj^anic meciia. 

Channel No. 3 Neutronographical study of magnetic structures and 
formfactors of intermetallic manganese compounds by 
polarized neutrons. 

Channel No. 4 ray spectra measurements i_n a (h ,^ ) reaction on 

pure isotopes. 

Channel No. 5 Study of atomic oscillation frequency spectrum in so- 
lid crystal lattice by neutron scattering. 

Channel No. 6 Study of coincidence between ^ —rays and conversion 

electrons from (H )-reaction and that of conversi- 
on electron spectra. 

Channel No. 7 Study of kinetic characteristics of fission fragments 
with fission induced by the polarized neutrons. 

Channel No. 8 Neutrongraphical study of the inversion degree of fer- 
rite systems of various composition. 

Channel No. 9 Study of the effect of intermediate neutrons in small 
doses on physiological functions end metabolism of ani- 
mals and that of relative biological effectiveness of 
intermediate neutrons on microorganisms. 

Horizontal reactor channels are studied by the Institutions and 

Departments of the B.S.S.R. Academy of Sciences and Byelorussian 

State University. 

5/ The channel No. 10 which has the smallest neutron flux at the exit 
is an exeption.This channel ends at the loop installation room 
and in the nearest future will not be of use. 
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